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ABSTRACT
A static method was used to determine equilibrium sulfur 
pressures for molybdenum-sulfur mixtures at 1100°C.
The results obtained were:
(1) The molybdenum disulfide phase was stable in a sulfur 
pressure range of 1.023 x 10-5 to 6.026 x lO-1 atmospheres. A 
range of non-stoichiometry from MoS2.0 to MoS2.22 was determined 
under these conditions.
(2) The upper limit of sulfur content of molybdenum sesqui­
sulfide (Mo S ) is nearly stoichiometric.
2  3
(3) The extent of solid solution of sulfur in molybdenum is 
approximately 1.5 atomic % (0.5 wt %).
(4) Molybdenum sesquisulfide (Mo2S3) formed at high tempera­
tures is stable at 600°C.
Integral free energies of formation of equilibrium mixtures of 
Mo and S from solid Mo and diatomic sulfur vapor were calculated.
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A static method was used to study the equilibria which exist 
between molybdenum and sulfur at temperatures of 500°, 900°, and 1100°C. 
However, equilibrium was attained only at 1100°C. The products were 
analyzed by chemical analysis and X-ray diffraction.
The study of the molybdenum-sulfur system was selected to deter­
mine the stability of existent molybdenum sulfide phases and to deter­
mine relevant thermodynamic data. The data available in the literature 
are controversial and no phase diagram exists for this binary system.
Molybdenum, molybdenum alloys, and molybdenum sulfides have a 
variety of industrial applications. Molybdenum and its alloys are 
especially suitable for high temperature and corrosion resistant 
applications. Molybdenum disulfide has excellent lubricating properties 
because of its molecular structure.'*'
As a possible explanation of the lubricating properties of MoSg, 
the generally accepted theory holds that the strong bond between the 
sulfur to molybdenum atoms and the weak bonds between the sulfur to 
sulfur atoms provides a low-shear plane between sulfur to sulfur atoms.
A more recent suggestion is that an adsorbed layer of amorphous sulfur 
may also exist and this may actually be necessary to provide the low 
shear phenomena. Molybdenum disulfide retains good lubricating 
properties from -300° to 750°F in air. In the absence of air it is 
stable at temperatures above 2000°F.
2
Molybdenum disulfide and trisulfide are used as catalysts in a
variety of hydrogenation-dehydrogenation reactions involving complex
2hydrocarbon mixtures such as petroleum and coal tars.
The chief minerals of molybdenum are:
Molybdenite - MoS^
Wulfenite - Pb MoO^
Molybdite - F e ^ ,  3Mo03, 7 ^ 0  
Of these, molybdenite is the most important. ^Molybdenite is 
a soft gray mineral containing 59*5 percent molybdenum and 40.5 percent 
sulfur. It has a specific gravity of 4.7 to 4.8. The largest single 
deposit, which is being mined commercially in the United States, is 
located at Climax, Colorado. The ore averages one percent molybdenite; 
however, this can readily be concentrated by flotation to a product 
containing 60 to 70 percent molybdenite.
A second source of molybdenite is from copper mineral concentra­
tion operations. In 1940, this source contributed 30 percent of the
4United States output.
Molybdenite concentrates may be roasted to molybdic oxide. A 
"technical grade" molybdic oxide is produced by keeping the roasting 
temperature below 1100°F. The pure molybdic oxide is prepared by 
sublimation of the "technical grade" oxide at 1800° to 1900°F in a 
current of air."1
Calcium molybdate is produced by mixing uncalcined pulverized 
limestone with the roasted concentrates. This is a suitable product
for direct addition to steel furnaces.
3
Ferromolybdenum is produced from molybdic oxide by the Thermit 
process in which aluminum is used as the reducing agent.
Metallic molybdenum may be produced by reducing molybdic oxide
with aluminum powder or by heating the trioxide or one of the chlorides
7in a hydrogen atmosphere.
Recently, American Metals Climax has been developing a process 




REVIEW OF THE LITERATURE
Despite the widespread use and extensive applied research of 
molybdenum and molybdenum sulfides, very little has been done to 
develop fundamental thermodynamic data for the molybdenum-sulfur 
system.
Investigations by M. Guichard, during I896 to 1901, concerning
the thermal decomposition of molybdenite in an electric arc furnace,
qled him to conclude that the chemical reactions are:
2 MoS2 = Mo2S3 + 1/2 S2 
and with further heating:
M o2S3 = 2 Mo + 3/2 S2
In 1928, Gruber and his coworkers investigated the molybdenum- 
sulfur system and indicated in their results that heating at li4'00°C 
with reduced pressures of 2 to 4 mm. Hg will produce metallic molybdenum.
Also in 1928, N. Parravano and G. Malquori investigated this 
system in the temperature range 805° to 1100°C, using the HgS/Hg method. 
They reported an equilibrium between Mo and MoS2 :
MoS2 + 2H2 = Mo + 2H2S
Parravano and Malquori also studied the trisulfide of molybdenum 
using a static dew-point technique. Chemically precipitated MoS3 was 
sealed in one end of an evacuated glass capsule. The sulfide end of the 
capsule was placed in an electrically heated furnace with the other end 
in a constant boiling-point liquid bath. By carefully controlling the 
temperature of the sulfide end in the furnace and noting the temperature
at which sulfur vapor condensed in the cold end of the capsule, they
measured the pressures at which decomposition occurred. A change of
7 to 8°C in the sulfide end would cause the condensed sulfur to dis-
12appear. From this they concluded that the reaction was:
MoS3 =■ MoS2 + 1/2 S2
In 1929> M. Picon reported the relationship between temperature 
and the rate of dissociation of molybdenum disulfide. He reported that 
heating of the disulfide in a vacuum at 1100°C for 6 hours resulted in 
a 13 percent weight loss. Two hours of heating in a vacuum at 1200°C 
gave a product containing 1.6 percent sulfur. The decomposition reaction 
became rapid at 1400°C and gave a metal which was sulfur free.^
I¥. Biltz and A. Kocher, in 1941, attempted to duplicate the work
lh-of Parravano and Malquori with respect to the trisulfide. They failed 
to synthesize molybdenum trisulfide according to the following reactions: 
Mo + 3/2 S2 = MoS^ 
or MoS2 + 1/2 S2 = MoS^
They precipitated molybdenum trisulfide by passing hydrogen 
sulfide into a thiomolybdate solution. The chemically precipitated 
trisulfide was dried and placed in an evaculated glass capsule. This 
was heated at 400°C for four days. A chemical analysis showed Mo:S as 
1:2.99* An X-ray pattern showed clear lines of MoS2 and extraction 
with CS2 proved the presence of free sulfur. A chemical analysis of 
the remaining residue had a composition of Mo:S of 1:2.45. The MoS^ 
had decomposed and was therefore not stable under these conditions.
5
6They concluded that MoS^ is obtained only in an unstable form by 
the decomposition of complex thiomolybdates. They pointed out that the 
vapor pressures reported by Parravano and Malquori were lower than the 
saturation pressure of pure sulfur for the temperatures investigated. 
From this, they stated the apparent sulfur equilibrium vapor pressure, 
which Parravano and Malquori reported, may be- due to an adsorption 
system of sulfur in highly dispersed MoS^•
C. L. McCabe, in 1955 > using the Knudsen orifice method, deter­
mined from his investigation of the molybdenum-sulfur system that 
molybdenum sesquisulfide is in equilibrium with molybdenum and sulfur 
vapor in the vicinity of 1100°C.^ He introduced a correction factor 
to account for the vaporization of sulfur as the monatomic species. 
McCabe reported the reactions as:
*4-/3 Mo (solid) + S2 (gas) = 2/3 M o ^
and
S2 = 2 S
From his data and the above equilibrium reactions, he calculated the 
following free energy and pressure of S2 equations for the decomposition 
of Mo2Sy
A  F° = -96,800 + 4+1.8T 
and
log p(S2) - + 9.13
These equations are valid in the region I3OO0 to 1^25°K.
7McCabe also determined the volatility of molybdenum disulfide. 
He established this by placing 0.5002 grams of molybdenite containing 
59.2 percent Mo in an open zircon crucible. This was placed in a 
vacuum and heated at 1150°C for two days. The residue remaining in 
the crucible weighed 0.3333 grams and analyzed 86.9 percent Mo. A 
metal balance of this test indicated no volatilization of MoS^ or 
Mo S„. He concluded that the entire weight loss of the cell during3^ j
the effusion runs was due to loss of Sulfur.
In the discussion of his results versus those of Parravano and 
Malquori, McCabe states that it is likely that they were studying the 
equilibrium of the sesquisulfide with molybdenum and S^, rather than 
the direct reduction of molybdenite to the metal. In the vicinity of 
14-00°K the results of the Parravano and Malquori investigation give 
the same standard free energy as McCabe's data. However, a vast dif­
ference exists in the temperature coefficient.
Concerning the sulfur species present, McCabe concluded by 
calculating the equilibrium constant using data from Richardson and 
Jeffes, that only and S will be present in any appreciable concen­
tration for the temperature range of his investigation.
J. R. Stubbles and F. D. Richardson, in 1957j made an extensive 
study of the molybdenum-sulfur system using a radio-chemical method to 
determine the equilibria which exist between the lower sulfides of 
molybdenum and hydrogen and hydrogen sulfide.1^ Their investigation 
was made in the temperature range 850° to 1200°C.
8Their method of studying this system included the introduction 
of a small amount of radio-sulfur into the sulfur used for the synthetic
Mpreparation of the disulfide and sesquisulfide. A Geiger-Muller counter 
was incorporated in the gas circulating apparatus. This technique 
enabled them to observe the rate of approach to equilibrium without 
removing gas samples.
To synthesize the sulfides of molybdenum, a high purity molybdenum 
powder, stable redistilled sulfur and radio-sulfur were mixed in the 
appropriate amounts. The sesquisulfide mixture was placed in an 
evacuated pyrex container and heated slowly to 550° C . After heating 
the mixture at this temperature for several days, the product was found 
by X-ray diffraction to consist of MoS^ and Mo. This powder was heated 
in an alumina boat in static hydrogen of one atmosphere for 16 hours at 
1200°C. X-ray diffraction confirmed that conversion to Mo^S^ was com­
plete.
Molybdenum disulfide was synthesized by sealing the appropriate 
amounts of molybdenum and sulfur in a pyrex container and slowly 
heating to if-00°C. The pyrex container was held at this temperature 
for several days. X-ray diffraction of the product showed molybdenum 
and an unidentified phase, which was probably MoS^. This mixture was 
homogenized in an equilibrium apparatus by heating at 1200°C in an 
alumina boat in circulating hydrogen for approximately 16 hours before 
making a equilibrium determination. When the counting rate became 
steady and the mixture had become converted to MoS^j Mo^S^ an<^  some
9H^S, equilibrium measurements were made. Richardson and Stubbles con­
cluded that neither Mo^S^ or MoS^ can be synthesized at 400°C in any 
reasonable length of time. They attributed this to the slow diffusion 
rate in the sulfides.
The results of their investigation are summarized by the follow­
ing reactions and corresponding free energy equations:
2/3 Mo + H2S = 1/3 Mo2S3 + H2 (850° _ 1200°C)
A  F° = -21,270 + 6.H- T cal (+ 100 cal), 
and
Mo2S3 + H2S = 2 Mo S2 + H2 (1000° - 1200°C)
A f° = -21,610 +8.23 T cal (+ 100 cal)
Further calculations were made by Stubbles and Richardson using 
the thermodynamic data for the formation of H2S to give the following 
reactions and free energy equations:
h2 (g) + 1/2 s2 (g) =■ h 2s (g)
A  F° = -21,580 + 11.81 T (298° - 1750°K)
4/3 Mo + S2 (g) = 2/3 Mo2S3 
A f° = -85,700 + 36.41 T cal,
Mo + S2 (g) = MoS2
A F° = -85,870 + 37.33 T cal.
Further calculations based on Kelley's estimated heat capacities 
for molybdenum disulfide are given as:
A  H°298 = -91,340 cal.
A  F°298 = -78,420
10
In the discussion of their investigation, Stubbles and Richardson 
indicate some difficulty was experienced in obtaining satisfactory 
results in the equilibria involving MoSg and MOgS^ when equilibrium was 
approached at temperatures below 1150°C. Confirmation of these 
equilibria were determined by exposing known weights of molybdenum 
powder for long periods of time to gas mixtures with compositions 
above and below the equilibrium ratios at 1100°C and 1200°C. The 
resultant products were weighed and analyzed by X-ray diffraction. At 
ratios above the proposed equilibrium values of the product was
MoSg and below these equilibrium values, the product was Mo^S^.
A similar confirmation was made of the Mo and Mo^S^ equilibrium. 
Samples of pure molybdenum powder were heated to constant weight at 
1192°C in fixed H^S/H^ ratios. The powder was converted to Mo^S^ when 
the H^s/Hg ratio was greater than the equilibrium value.
Stubbles and Richardson also noted in their discussion that 
further heating at sulfur pressures which were below the Mo^S^ and 
MoS^ equilibrium value confirmed that the composition of Mo^S^ is 
stoichiometric.
In 1961, W. G. Scholz, D. V. Duane, and G. A. Timmons made an
investigation of the production of molybdenum metal by direct thermal
17dissociation of molybdenum disulfide in a vacuum. The results of 
their investigation revealed that molybdenum metal powder of high 
purity can be produced on a commercial scale at l650°C.
CHAPTER III
THEORETICAL CONSIDERATIONS
Although the static method of investigating equilibria with high
sulfur vapor pressures is undoubtedly superior to any other method,
18several theoretical considerations must be taken into account.
(1) The sulfur species present in the vapor phase at the various 
temperatures must be determined.
(2) An inert atmosphere must be maintained in the test capsule.
(3) The container must be refractory and inert to the sulfide and 
the sulfur vapor.
The first consideration, namely the concentration of the various
species of sulfur present, can be calculated from thermodynamic data
19available in the literature.
The following equilibrium reactions and standard free energy 
equations must be considered:
p ( s j
(1) 2S2 = V  K! = i f s ^ 2
A  F° = -RT lnK1 = -28,4-00 + 31.88 T (298° - 1300°K) 
p(s6)
(2) 3s2 = V  k2 = y y 3
A  F° = -RT lnK„ = -63,720 + 69.63 T (298° - 1300°K) 
P<SR>
(3) * s2 = s8 ; v  5 ^ 7 *
A  F° = -RT lnK = -92,160 + 101.2 T (298 - 1300°K)
(9) Log p(Sx) (mm Hg) = ~4|83° - 5 log T + 23-88 
(Temp. Range m.p. - b.p. of sulfur)
12
(5) pt = p(s2) + p(s )^ + P(s6) + p(s8)
A simultaneous solution of the above equations results in:
PT = P(S2) + K1 (p(S2))2 + K2 (P (S2))3 + K3 M V 5
4
where K^, and are functions of temperature. This equation does 
not include the high-temperature monatomic sulfur gas species.
A computer program has been set up by N. Vermaut and solutions 
for p(S2) have been determined at various total pressures (P^) at 
temperatures of 700, 800, and 900°C.P^
An example of these computer calculations is as follows:
Table I
Computer Tabulation of p(S2)
Temperature (°C) 700 800 900
Total Pressure (P , atm.) 0.11W 0.1146 0.1146
Pressure of p(S2) (atm.) 0.1112 0.1137 0.1143
Difference (atm.) 0.0034 0.0009 0.0003
$ p (s2) 96.95 99.13 99.73
13
The equilibrium pressure of the diatomic species with the sul­
fide is needed in this investigation in order to express the various 
reactions in a simple manner. The results found in the above computa­
tions indicate that the difference between P and p(S2) becomes 
negligible at higher temperatures. At 900°C, for example, the dif­
ference in P,p and p(S2) is 0.27<f>» This means .that 99*73$ of vapor 
phase pressure is due to pCS^).
The data used in the foregoing computer calculations are valid.
for the temperature range 298 to 1300°K.
To determine the predominant sulfur species present at 1373°K
for one series of measurements in this investigation, a calculation of
pCS^) and p(S) was made from the following reaction and standard free 
. . 21energy equation:
(p(S))2
(6) S2 - 2 S; - p(s2)
A  F° = -RTlnK^ = +77,250 - 29.7 T (298 - 2000°K)
(7) PT = p(S2) + p(S)
A simultaneous solution of the above equations results in:
PT = P(S2} + V  p(S2}^
Solving this equation at various total pressures gives the 
following tabulated results for p(S2) and p(S).
14
TABLE II
Tabulation of pCS^) and p(s)
Temperature°C (atm.) p(S2)(atm.) p(S)(atm.) f  p (s)
727 2.542 x 10":3 2.540 x 10"3 0.002 x 10"3 0.08
1100 2.542 x 10"3 2.480 x 10"3 0.062 x 10"3 2.48
1100 6.012 x 10"2 5.984 x 10"2 0.028 x 10"2 0.46
1100 4.777 x 10"1 4.766 x 10"1 0.011 x 10"1 0.23
1727 2.542 x 10"3 3.720 x 10~k 2.172 x 10"3 85.40
As the temperature increases for any specific total pressure, 
the value of p(S) becomes more significant. The maximum correction of 
2.48$ would have to be applied at the lowest pressure investigated at 
1100°C. At lower temperatures and higher total pressures, p(S) becomes 
negligible.
Combining the computer data with the calculations of p(S) at 
various temperatures for a specific total pressure gives the following 
relationship:
PT = P(S) + p(S2) + p(S^) + p(S6) + p(Sg)
= k^ p(s2)* + p(s2) + k1(p(s2))2 + k2(p(s2))3 + k3(p(s2))^
A tabulation of these calculations is as follows:
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TABLE 11(a)
Tabulation of PT = p(S) + p(S2) + p(S^) + p(Sg) + p(Sg)
P  ^ = 0.1146 atm.
Pressure (atm.)
Temp.
°c p(s) p (s2) p < V p(s6) p(Sg) PT (calc.)
700 9.43x10"® 1.112xl0-1 3.193x10“® 2.019x10“^ 5.867x10-6 1.146x10“"*"
800 8.09x10“® 1.137X10-1 8.48 xlO"^ 1.0005x10“^ 7.55 xl0“8 1.I46xl0-1
900 3.91x10“® 1.143X10"1 2.755xlOJ4' 7.964x10“7 1.937xl0"9 I.l46xl0-1
1100 2.6 xl0“® 1.120X10"1 * * * 1.146X10-1
* Values for these species become negligible at high temperatures 
(Thermodynamic data valid to 1300°K)
The data of Tables I, II, and 11(a) are illustrated in Figures 1
and 2.
An inert atmosphere (residual gases remaining after evacuation 
procedure) in the capsule is essential to obtaining satisfactory 
equilibration results. If oxygen or hydrogen were present, other 
equilibria would have to be considered. Also thermal diffusion would 
result if other gaseous species were present.
The capsule must be inert to molybdenum disulfide and sulfur 
vapor. If the capsule reacts with either of these products, additional 






Figure 1. Relationship of Log p^ vs. ;j^o^, showing effect of 
temperature on p(S), p(S ), p(S^), p(S^), and p(Sg ) 






Relationship of Log p Vs. ^ oK x 10^, showing effect 
of temperature on pCs^) an<l p(S) (data from Table II). 




Two electric resistance-heated furnaces with individual power 
input controlled by powerstats were used. The temperature of each 
furnace was controlled by a Wheelco Model kZO Capacitrol indicating 
pyrometer controller. Chrome-alumel thermocouples were used on the 
500° and 900°C series of measurements. A platinum-13 percent rhodium- 
platinum thermocouple was used to control the 1100°C tests.
To determine the fluctuation of temperature with line voltage 
changes, a two day measurement, using a Bristol temperature recorder, 
was made.
Vycor glass tubing having an outside diameter of 9 mm* and a 
wall thickness of approximately 1 mm. was used to capsulate the samples 
for the measurements.
Chemical reagents for the chemical analysis of molybdenum were 
supplied by the Fisher Scientific Company (Reagent Grade).
The X-ray diffraction patterns were made on a Norelco X-ray 
machine.




1. Electric Multiple Unit Furnaces (two) 




Safe Working Temperature 1850°F 
Volts 115/230 
Watts 750









3. Multiple Unit Furnace 
Electric Heating Apparatus Co.- 
New York, N. Y.
Type 77 
Ser. No. 4332




Superior Electric Company 
Bristol, Conn.
Type 116
Primary voltage 120, 50/60 cycle 
Voltage output 0 - 140 
Max. amps. 7 i 
Max. K.V.A. 1
2. Variable Auto Transformer 
Superior Electric Company 
Bristol, Conn.
Type 1156 - 25 - B 
Ser. No. 9^ +9 
Spec. No. 8 P 2113
Primary voltage 120/240, single phase, 50/60 cycles 





Input voltage 115, 50/60 cycles 
Output voltage 0 - 130 
Amps. 20
21
C - Indicating Pyrometer Controllers
1. Model k20 Capacitrol 




Ser. No, 85 M 1079 
TC C/A
External Resistance 15 ohms.
2. Model lt-20 Capacitrol 
Wheelco Instrument Division 
Barber-Colman Company 
Rockford, Illinois
Ser. No. 95 L 09^1 
T.C. - C/A
External Resistance 15 ohms.
D - Glass Tubing
Fisher Scientific Co.
2850 S. Jefferson Ave.
St. Louis 18, Mo.
Vycor Brand Glass (approx. 9&f> silica) 
Cat. No. 11-369 
Outside Dia. 9 mm.
Approx. Wall Thickness 1.0 mm.
22
Working Temperature 900°C 
Softening Temperature 1500°C.
E - Oxygen-Gas Bench Burner
Bethlehem Apparatus Company 
Hellerton, Pa.
Model A
F - Temperature Recorder 
Bristol Company 
Waterbury, Conn.
Model 12 PG 560-21-T2^
Ser. No. 687721 
Temperature Range 0-1200°C
G - X-Ray Diffraction Equipment 
Norelco X-ray machine 
North American Phillips Co., Inc.






1. Reagents for Quantitative Analysis 
Fisher Scientific Co.
2850 S. Jefferson Ave.
St. Louis 18, Mo.
23
2. Vacuum Pump
Central Scientific Company 
Chicago, 111.
Trade Mark "CENCO" and "HIVAC"
Pats. No. 1385101 - 17197^7 - 184-5216 - 1890572 - 1890614
3. Hydrogen Sulfide
The Matheson Co., Inc.
Joliet, 111.
"C.P." grade (99-5% Purity)
22 lb. cylinders.
4. L. & N. Galvanometer 






1. Electric multiple unit tube furnaces (two)
2. Chrome-alumel or rhodium-platinum thermocouples
3. Molybdenum-sulfide charge 
k , Condensed sulfur
5. Vycor glass test capsule
6. Silver foil wrapping
Figure 3» Sketch of Apparatus
CHAPTER V
EXPERIMENTAL PROCEDURE
The study of the thermodynamic properties of the molybdenum- 
sulfur system involved:
(1) Securing of high purity materials and reagents.
(2) Preparation of molybdenum disulfide.
(3) Capsulation of Mo - S mixtures.
(L) Equilibration of Mo - S mixtures and analysis of products. 
Materials
One hundred grams of high purity molybdenum metal were obtained. 
An analytical certificate of the molybdenum powder supplied by American 
Metals Climax Company is as follows:




Fe < 5 PPM
Ni < 5 PPM
Si 9 PPM
Sn < 10 PPM
°2 0.020f  Avg
Particle size: 8.0 microns 
Cubic inch weight: 20.0 gram 
Compression: 5200 psi
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In addition to this molybdenum metal powder having a purity 
greater than 99*9708$, hydrogen sulfide of chemical grade, and sublimed 
C.P. sulfur were used in the preparation of molybdenum sulfides for 
this investigation.
Preparation of MoS„
To prepare molybdenum disulfide, two methods were used. It was 
prepared by placing molybdenum metal powder in an alumina boat. This 
was placed in an electric tube furnace, and a stream of dry Hb,S was 
passed through the tube. The H^S was dried by passing through a 
column filled with phosphorous pentoxide before entering the furnace.
A temperature of 750°C was maintained for approximately 2h hours. The 
molybdenum sulfide was permitted to cool to room temperature with H^S 
passing through the tube. This was done to prevent oxidation of the 
sulfide while cooling.
An X-ray pattern of the product indicated that conversion to 
MoS^ was complete.
To remove free sulfur and adsorbed H^S from the MoS^, it was 
washed in CS^ and placed in a glass container and evacuated for several 
hours.
The second method for preparation of MoS^ , was by direct reaction 
of elemental sulfur in one end of a long Vycor capsule. The ends of 
the capsule were maintained at different temperatures. These reactions 
were conducted at molybdenum temperatures of 900° and 1100°C. The 
total sulfur pressure in the capsule was set by the liquid sulfur
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(distilled from hot mixture end of the capsule) which was maintained 
at temperatures of I3O0 to 400°C. X-ray patterns again confirmed 
complete conversion of Mo to MoS^.
Capsulation of Mo-S Mixtures
The charges were prepared by mixing excess sulfur with molybdenum 
powder or with molybdenum disulfide. These charges, of approximately 
one to two grams, were placed in one end of a Vycor glass tube having
an outer diameter of 9 mm, 1 mm. wall thickness and 18 inches long.
One end had been sealed prior to placing the charges in the tube. At 
the other end of the tube, in a constricted section, a small quantity 
of crushed titanium metal (sponge) was placed. The tube was then 
evacuated for approximately one hour and sealed off while under vacuum. 
The titanium end of the capsule was then heated at 700°C for a period 
of 2k hours to "getter" oxygen, nitrogen and hydrogen. The capsule was 
permitted to cool to room temperature and the titanium section was 
sealed-off and removed by fusion of the glass tube. The final capsule 
was approximately 12 inches long. When the capsule was placed in the
two hinged type electric tube furnaces, the hot and cold zones of the
capsule were positioned in the centers of the respective furnaces.
Equilibration of Mo-S Mixtures
Since only one of the components in the Mo-S system is present 
in the gaseous phase at appreciable activity, the conditions for experi­
mental study of equilibrium reactions are relatively simple. Only the
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partial pressures of the species of sulfur molecule is normally- 
considered in the representation of equilibrium reactions involving 
gaseous sulfur. The p(Sg) is dependent on the temperature of the sul­
fide or hot zone of the capsule. At the other end or cold zone of the 
capsule a total pressure (P^) is set by the condensed sulfur. The 
maximum total applied pressure (limited by strength of the capsule) 
must not exceed several atmospheres. Total pressures could be set with 
solid sulfur below the melting point (119.25°C); however, the vaporiza­
tion kinetics become exceedingly slow at these low temperatures. Total 
sulfur pressures corresponding to liquid sulfur temperatures of 130° to 
^00°C were used in this investigation.
Two hinged type electrically heated tube furnaces were placed 
end to end. Each furnace was controlled by a Wheelco capacitrol 
temperature controller. These controllers are highly sensitive and 
temperatures of + 2°C were maintained.
The Vycor glass capsules were wrapped with silver foil at the 
hot and cold zones to obtain a more uniform temperature over the 
required zone length. A small tube type heater was placed between 
the two furnaces to prevent condensation of sulfur.
Three series of measurements were conducted using the two 
furnaces to establish the hot and cold zone temperatures.
The first series of measurements involved the decomposition of 
molybdenum disulfide, according to the reaction:
MoS2 = Mo2S3 + \  S2
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The measurements were conducted for two and three days with temperatures 
of 500°C in the hot zone and 200°, 300° and ^00°C on the cold zone of 
the capsule. The capsules were removed and air quenched.
A second series of measurements were made at 900°C. In addition 
to the decomposition of the disulfide, a second capsule containing a 
mixture of pure molybdenum and elemental sulfur was placed in the two 
furnaces. This second capsule permitted a simultaneous study of the 
formation of the disulfide, according to the reaction:
2 Mo + | S2 = Mo2S3 
or
Mo2S3 + I S2 = 2 MoS2
Also, a comparison of the X-ray and chemical analysis of the 
products of the two capsules determined if equilibrium conditions at 
these temperatures had been attained.
A third series of measurements, prompted by unsatisfactory 
results at 900°C, were made at 1100°C. Total pressures were again set 
by the liquid sulfur in the temperature range 130° to ^00°C in the cold 
zone of the capsule. The two capsule technique, used at 900°C, was 
again employed to study, concomitantly, the formation and decomposition 
of the disulfide.
At the beginning of the 1100°C series of measurements, two 
special experiments were made to determine if Vycor glass would remain 
inert at these high temperatures. Two small evacuated capsules, one
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containing pure molybdenum powder and the second containing a stoichio­
metric mixture of MoS^ plus Mo to form Mo^S^, were placed in a heavy 
duty electric tube type furnace. A temperature of 1204°C was maintained 
for approximately 16 hours. The capsules were removed and air quenched. 
X-ray patterns confirmed that the vycor glass tubing was inert to both 
Mo and the sulfide.
All products produced from the three series of experiments were
X-rayed and chemical analyses for molybdenum were made using a standard
22method for determining molybdenum in ores and concentrates.
In addition to the three series of measurements mentioned above, 
an attempt was made to study the molybdenum-sulfur system at lower sul­
fur pressures. A series of experiments, using the Ag - Ag^S and Cu - 
Cu^S systems to set these lower sulfur pressures, were made at 900°C.
In these experiments, pure silver and pure copper were placed in the 
cold zone of the capsule in an attempt to establish the following 
equilibrium systems:
2 MoS2 = Mo2S3 ♦ \ S2
and
2 Ag + | S2 = (Ag2S)^ (^52° - 1115°K)
or
2 Cu + 2 s 2 = (Cu2S ) y  (683°  “ 1383° K)
Thermodynamic data for both the silver and copper sulfide systems are
23available.
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Equilibrium conditions were not attained in this series of 
experiments.
A final series of experiments were conducted in short evacuated 
and gettered capsules using only one furnace. This series of measure­
ments were made at 1100°C to determine the stoichiometry of the various 
phases. Various amounts of MoS^ were mixed with molybdenum metal 
powder. These mixtures were homogenized at 1100°C and X-ray patterns 
of the products were obtained.
Since molybdenum sesquisulfide was produced by homogenizing a 
stoichiometric mixture of MoS^ and Mo at 1100 and 1200°C, an experiment 
to determine the stability of this compound was made. A sample of the 
Mo^S^ was placed in an evacuated capsule and heated for a period of 21 
days at 600°C. X-ray patterns of the product confirmed that only the 
Mo^S^ phase was present with no signs of disproportionation.
All temperatures were measured with a L & N potentiometer.
CHAPTER VI
RESULTS AND CALCULATIONS
The data obtained during this investigation have been tabulated 
as follows:
(1) Results of the 500°C isotherm (Tables III & IV).
(2) Results of the 900°C isotherm (Tables V & VI).
(3) Results of the 1100°C isotherm (Tables VII, VTII, IX, X & XI).
(h-) Miscellaneous low p(S2) data (Tables XII, XIII, XVI & XVII).
(5) Preparation and stability of MOgS^ (Tables XIV & XV).
(6) X-ray data obtained for M o ^  (Tables XVIII & XIX).
(7) Calculations of thermodynamic functions of' theI100oC isotherm 
(Table XX).
In Chapter III, calculations of P^ and p(S2) indicated that the 
differences between these pressures are practically negligible for this 
investigation. No correction for p(S2) has been made in the following 
calculations. The vapor pressure equation (h) given in Chapter III has 
been used:
log p(Sx) (mm Hg) = .5.00 log T + 23.88
The data of J. Stubbles and F. D. Richardson presented in Chapter 
III are used to calculate the Mo - Mo2S^ and MOgS^ - MoS2 equilibrium 
sulfur pressures. X-ray diffraction was used to identify the phases 
and a standard volumetric chemical analysis procedure was used to deter­
mine molybdenum composition. The sulfur content has been calculated 
by difference.
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Calculation of thermodynamic functions have been made for the 
1100°C measurements, where results indicated that equilibrium condi­
tions had been established.
TABLE III
500°C Isotherm (2 day tests) 



















1 200 ^99 -2.575 M° s2 59-74 40.26 33-U 66.89
2 300 504 -1.220 MoS2 58.15 41.85 31-52 68.48
3 400 500 -0.220 M ° s2 60.48 39-52 33-69 66.31
TABLE IV
500°C Isotherm Data (3 day tests) 
Charge: MoS2 + s
Exp. Temp, at Temp, at
















Avg. Wt. $> Atom 1o
Mo. S M o . S
62.35 37-65 35-39 64.6l
58.69 41.31 32-25 67.75
58.40 41.60 32.20 67.80- 0.22
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900°C Isotherm Data (2 day tests) 




















11 130 900 -3.98O m° S2 59*55 40.45 32.95 67.05
7 150 900 -3*540 m° S2 59.25 40.75 32.70 67.30
26 150 900 -3.540 m °s2 53.80 46.20 28.10 71.90
34 200 900 -2.575 m °s2 60.82 39.12 34.20 65.80
32 300 900 -1.220 m °s2 57.77 42.23 31.30 68.70
24 419 916 -0.171 m °s2 56.50 43.50 30.20 69.80
TABLE ¥1
900°C Isotherm Data (2 day tests) 





















35 200 900 -2.575 M oS2 57-10 42.90 30.73 69.27
33 301 900 -1.220 m °s2 57.53 42.47 31.11 68.89









i—1 Isotherm Data (2 day tests)



















80 175 1100 -3.01 m °s2 59.53 40.47 32.89 67.ll
42 201 1101 -2.575 m °s2 59.^2 40.58 32.80 67.20
58 256 1098 -1.751 m °s2 58.41 ^1.59 32.14 67.86
45 298 1100 -1.220 m °s2 57.51 42.49 31.09 68.91
65 346 1098 -0.761 Mo S2 57-85 42.15 31.3^ 68.66
40 398 1100 -0.220 M o S2 57.93 42.07 31.46 68.5^
TABLE VIII
1100°C Isotherm Data (2 day tests)

















81 175 1100 -3.01 m °s2 59.78 40.22 32.39 67.61
43 201 1101 -2.575 MoS2 59.71 40.29 33.10 66.90
59 256 1098 -1.751 m °s2 58.41 41.59 31.99 68.01
46 298 1100 -1.220 m °s2 57.78 42.22 31.39 68.77
66 346 1098 -O.76I m °s2 57.33 42.67 30.91 69.09
41 398 1100 -0.220 m °s2 57.37 42.63 30.98 69.02
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TABLE IX
1100°C Isotherm Data (MoS^ Stoichiometry)
Log p(S2) = -4.99 (atm.)
Charge: MoS2 + Mo
Mo S2 Analysis: Mo - 60.11$; S - 39*89$
Exp. No. Atom $ S Product Phases70 64.85 M oS2 + M o ^73 66.20 M o S2 + Mo2S374 66.40 M oS2 + Mo2S^76 66.60 Mo S2 + Mo2S3
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1100°C Isotherm - Mo Solid Solution Data 
Log pCSg) = -5*68 (atm.)
TABLE X
Charge: MoS2 + Mo
MoS^ Analysis: Mo - 60.11$; S - 39.89$
Exp. No. Wt. $ S At $ S Product Phases
57 13-85 32.71 Mo + M o ^ ^
55 4.82 13.15 Mo + M o2S^
56 4.63 12.72 Mo + M o ^
54 4.52 12.45 Mo + Mo S
62 4.00 11.10 Mo + Mc^S^
63 3.80 10.55 Mo + M o ^ ^
6l 3.50 9.82 Mo + MOgS^
60 3.00 8.52 Mo + Mo2S3
69 2.00 5-77 Mo + M o ^ ^
68 1.00 2.95 Mo + Mo2S^
67 0.50 1.49 Mo only
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TABLE XI
1100°C Isotherm - M o ^ ^  Stoichiometry 
Log p(S2) = -4.99 (atm.)
Charge: MoS2 + Mo
MoS2 Analysis: Mo - 60.11; S - 39*89$
Exp. No. Atomic $ S Product Phases
72 61.00 Mo2S3 + M oS2
71 60.50 Mo2S^ + Mo S2
75 60.00 m °2s 3
TABLE XII
Miscellaneous Low p(S2) Data (2 day tests)










15 MoS2 Pure Cu 700 -10.90 Pure Cu
17 Mo Metal Foil Cu2S 700 -10.90 Film of MoS2 on Mo 
Foil; also unidenti­
fied Cu colored 
crystals
18 Mo Metal Foil Ag2S 500 - 8.28 Mo
14 MoS
2^
Pure Ag 500 - 8.28 Pure Ag
20 Mo Powder Ag2S 550 - 7.50 Mo
28 M0S2 Ag2S 600 - 6.91 MoS + Mo (not homogeneous)
29 Mo Ag2S 600 - 6.91 Mo, MoSg, Mo2S„ 
(not homogeneous)
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Miscellaneous Low p(S^) Data (2 day tests) 





tj i r? „ n j „ Cold Zone Hot Zone Cold Zone
Log p(S ) 
(atm. )
Product Phases
38 m °s2 Ag 700 - 5-83 MoSg + Mo^Sg (nc 
homogeneous7
39 Mo Ag2S 700 - 5-83 Mo + MoS (not homogeneous)
TABLE XIV
M°2 Preparation Data






10 900 2 day Air Quench Mo + MoS2 + M°2S3
12 900 3 day Air Quench Mo + MoS2 + M°2S3
13 900 3 day Fee. Cooled Mo + MoS,2 + M°2S3
37 120^ 16 hrs. Air Quench H o2S3
75 1100 2 day Air Quench m °2s3
TABLE XV
Mo Stability Data
Exp. No. Temp. °C Time of Exp. Product Phases
bb 800 3 days M o2S3
50 600 7 days M o2S3
6b 600 lb  days M o2S3
TABLE XVI
Miscellaneous Mo Solid Solution Data 
Temp. Hot Zone: 1100°C 
Temp. Cold Zone: 1090°C (approx.)
Exp. Charge Approx. Product Phases
No. Hot Zone Cold Zone Log p(S ) 
(atm.)
Hot Zone Cold Zone
^7 Mo MoS£ + Mo -5.80 Mo(85.63$ Mp) M o 2S3 + Mo 
(63.32% Mo)
h9 Mo MoS£ + -5.80 Mo(95.27$ Mo) MOgS^ + Mo 
(72.87% Mo)
TABLE XVII
Miscellaneous Mo S. Stoichiometry Data/£• J
Temp Hot Zone: 1100°C
Temp Cold Zone: 1090°C (approx.)
Exp. Charge Approx. Product Phases
No. Hot Zone Cold Zone Log p(S ) (atm.) Hot Zone Cold Zone
51 Mo m °s2 + Mo2S3 -5.80 MoS2 + Mo£S3 
(Not Homogeneous)
m o s2 + Mo2S3
52 Mo M o S2 + Mo -5.80 Mo +
(Not Homogeneous)
M oS2 + M°2s3
4i
X-Ray Diffraction Data for Mo^S^
24Results of Stubbles and Richardson Investigation
TABLE XVIII
n X  = 2 d sin 0; 0 = sin-"*" n^v2 d
















X-Ray Diffraction Data of Mo^S^ 
Results of X-ray Pattern of Experiment No. 37 
Homogenized 16 Hrs. at 1204°C 
Norelco X-ray Diffractometer 
Amplitude Settings: 4 - 0.6 
30 K.V.; 15 ma.
Ni Filter
Copper Radiation
Standardized to Quartz Crystal
TABLE XIX


















Partial and Integral Free Energies of 
Formation of Equilibrium Mixtures of Mo 
and S at 1100°C from Solid Mo and Diatomic 
Sulfur Vapor
4 f° = nMo A
Exp. At .p lo At.$S MoS Log p(S,
No. .T i.
67 98.51 1.49 MoS0 VOi 1—1 
0
 • -5.68
* 4-0.00 60.00 MoS1 .50 -5.68
75 40.00 60.00 MoS1 .50 -4.99
76 33.40 6 6 .6 0 MoS1
.99 -4.99
* 33-33 66.67 m °s2 ,00 -4.99
80&81 32.64 67.36 m °s2
.07
-3.01
42&43 32-95 67.05 m °s2 .04 -2.575
58&59 32.06 67.9^ m °s2 .12 -1.751
45&46 31-17 68.83 m °s2 .20 -1.220
65&66 31.16 68.84 MOS2 .22 -0.761
40&41 31.22 68.78 m °s2 .20 -0.220
Mo + F±s2S2
^ FM o A ?  A  FiS2 zS2
A  F°
cal/g atom
0 -35719 -17859 - 266
0 -35719 -17859 -10715
- 3179 -31379 -15689 -10685
- 3179 -31379 -15689 -11511




-16193 - 8097 -11326
-23250 -11011 - 5506 -11195
-27350 -7496 - 3748 -11105
-30100 - 4785 - 2393 -IIO36
-33900 - 1383 - 642 -10584
25* Calculations based on Stubbles and Richardson Investigation: 
^ F°1373 ~ '10 >677 cal* per gram atm. of MOgS^
A  FC >1373 = "11 >511 cal. per gram atm. of MoS2
CHAPTER VII
DISCUSSION OF RESULTS
Discussion of the results of this investigation will be limited 
to the equilibrium data obtained on the 1100°C isotherm, because chemi­
cal analysis of the products of the experiments indicated that equilib­
rium conditions were not attained at the lower temperatures.
An analysis of the data indicates that the static technique can 
be used to study equilibrium conditions of the molybdenum-sulfur system 
at 1100°C when the diatomic sulfur vapor pressures are greater than
_Zj.9.773 x 10 atmospheres. Attempts to study this system at lower pres­
sures, using both liquid sulfur and the Ag^S _ Ag system to set the total 
pressure, failed to establish equilibrium conditions (Table XII).
Further limitations were set by the inability to study the system in 
excess of one atmosphere. The vapor pressure data of liquid sulfur are 
valid only to the boiling point of sulfur. The Vycor glass tubing will 
not withstand higher pressures at 1100°C.
As a result of these limitations, only the disulfide region of 
the M o - S  system could be investigated. The results of Stubbles and 
Richardson (Figure using the H^S/H^ method, for the determination of 
the Mo - Mo^S^ and the Mo^S^ - MoS^ equilibrium sulfur pressures, could 
not be verified because of the low sulfur vapor pressures involved 
(2.089 x 10-^ to 1.0231 x 10-5 atm.).
For the purpose of calculating A F° for this system as a function 
of composition, the results of Stubbles and Richardson have been included.
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If the results of McCabe were used for the Mo - Mo^S^ composition region, 
a more negative standard free energy would result.
Approaching equilibrium conditions by formation of the disulfide 
from the elements and the decomposition of the disulfide offered a 
means of checking equilibrium. Chemical analysis of the products 
indicated that equilibrium had been attained at the higher sulfur vapor 
pressures.
A weight gain was noted in all the products obtained from the 
experiments listed in Tables VTI and VIII. This indicated an increase 
in sulfur content; however, chemical analyses were necessary to deter­
mine the composition of the product. Free sulfur was dissolved with 
carbon disulfide before analyses of molybdenum were made. A 99*9935$ 
molybdenum standard determination accompanied each series of determina- 
tionsto check for possible changes in concentration of the reagent 
solutions.
Errors could originate from the temperature control of the hot 
and cold zones. In the 1100°C tests, only the cold zone could be 
wrapped with silver foil to maintain a uniform temperature zone. To 
minimize the error of the temperature in the hot zone, the one to two 
gram charges were placed in one end of the capsule and temperature 
measurements taken by placing the thermocouple in the approximate 
center of the charge. A check of the range of temperature in the heavy 
duty tube furnace revealed a hot zone of approximately two inches in 
length. The sulfide was placed within this hot zone of the furnace.
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The results of the non-stoichiometry experiments are tabulated 
in Tables VII and VIII. Illustrations of these data are shown in 
Figure 5*
A study of the stoichiometry of the phases at 1100°C, including 
the data established by Stubbles and Richardson, was made for Mo solid 
solution, sesquisulfide, and disulfide.
The maximum sulfur content of the Mo solid solution and 
sesquisulfide phases were approached by preparing molybdenum-sulfur 
mixtures of 99*97$ molybdenum powder and a synthetic molybdenum sulfide 
having a composition of 60.11 wt. $ Mo and 39*89 wt. $ sulfur. A two 
gram mixture was capsulated in a 3 inch evacuated glass capsule.
The mixtures were homogenized at 1100°C for two days and X-ray identi­
fication of the phases was made as shown in Tables X and XI. Illustra­
tions of these data are shown in Figure 6.
The minimum sulfur content of the disulfide phase was approached 
in a similar manner. Results of these experiments are shown in Table IX, 
and illustrated in Figure 5*
Miscellaneous experiments to determine the maximum sulfur compos­
ition of solid solution and Mo^S^ at 1100°C are tabulated in Tables XVI 
and XVII. In these determinations, equilibrium mixtures of molybdenum 
and molybdenum sulfide were placed in one end of a short capsule and 
molybdenum or molybdenum disulfide was placed in the other end. An 
alumina thermocouple insulator was sealed into the capsule to separate 
the two mixtures. The thermal gradient in one furnace was used to
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maintain the ends of the capsule at different temperatures. As is shown 
in the product phases, equilibrium conditions were not obtained.
Since the sesquisulfide formation is extremely slow at lower 
temperatures, an experiment was conducted to determine the stability of 
this compound at lower temperatures. Annealing of this compound for 3
days at 800°C, failed to reveal any disproportionation. Further anneal-
oing for seven days at 600 C still revealed no disproportionation.
Finally, an additional 14 day annealing treatment at 600°C failed to 
cause any disproportionation (Table XV).
X-ray data of the sesquisulfide from Stubbles' and Richardson's 
investigation and this investigation are shown in Tables XVIII and XIX,
27respectively. This compound has been indexed by Jellinek as monoclinic; 
however, no A.S.T.M. index card was available for this compound. The 
diffractometer pattern is complex. Detection of the main molybdenum 
"peak" is. difficult, especially when Mo^S^ is the major constituent. 
Consequently, the minimum sulfur content of the Mo^S^ phase could not 
be checked for traces of Mo. Stubbles and Richardson have indicated 
from their investigation, that Mo^S^ departs very little from the 
stoichiometric composition. This fact was verified for the maximum 
sulfur content in Mo^S^ as is shown in Figure 6.
The calculations of the partial and integral free energies of 
formation of equilibrium mixtures of Mo and S from solid Mo and diatomic 
sulfur gas are tabulated in Table XX.
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Only the partial molar free energy, A F , can be calculated
S2
directly from the data obtained in this investigation:
A ?  = 4.58 T log p(S )
S2 ^
To arrive at a solution for the integral free energy, a graphical 
method, illustrated in Figures 10 and 11, was used.
This is an approximation method based on the Duhem-Margules
, . 28 equation:
A  F = Nb f* A F a dx 
'o
where x = N^/N-g
Determination of the vapor pressure and the composition of the
lowest sulfur potential phase (solid solution) is essential to arrive
at any satisfactory solution of the integral free energy. In this
investigation, the solid solution composition on the 1100°C isotherm
was determined to be approximately 1.50 atomic $ (0.5 wt. <f) sulfur.
The data of Stubbles and Richardson were used in conjunction with
the data obtained in this investigation to calculate A F °  for the various
equilibrium mixtures of Mo and S as shown in Table XX.
A plot of A F vs. atomic $ sulfur shown in Figures 7(a) and 
S2 _
8(a) illustrates the change of sulfur potential ( A F  ) with change of
—  _  S2
sulfur composition. A FM and A Fi_ are the tangent intercepts bn the
“ O 2
zero and 100$ sulfur composition lines respectively (Figures 8(a) and 
8(b)). From these data, the integral free energy was calculated by the 
following relationship of the partial molar quantities to the integral 
free energy:
ij-9
A F °  = IL. A F m  + N A F i M o Mo s
where = atomic fraction of Mo
N = atomic fraction of S s
AF-mq = partial molar free energy of Mo 
A F ±  = partial molar free energy of sulfur
f 2
A  = integral free energy of formation of one gram
atom of alloy.
Although this method of calculating AF° is an approximation, it 
is in fair agreement with the values of A F °  obtained for Mo^S^ and MoS^ 
by using the standard free energy equations of Stubbles and Richardson 
(shown at bottom of Table XX ). ^
Many of the thermodynamic data of sulfides, phosphides, and 














Composition - Atomic $ S
Figure 5* Variation of sulfur pressure with composition for the 








Figure 6. M o - S  solid solution and Mo^S^ stoichiometry on 1100°C 
isotherm (data from Tables X and XI). ( S u lfu r  p ressu re d a ta  from S tu b b le s and R ichardson)
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Figure 7(a). A T  vs. Atomic 4> S 
S2
Figure 7(b). A F° vs. Atomic $ S (data from Table XX)
5^
Figure 8(a) A P  vs. Atomic $ S.
S2
Figure 8(b) A  F° vs. Atomic f> S. (data from Table XX).
CHAPTER VIII
CONCLUSIONS
Equilibrium sulfur pressure measurements for the molybdenum- 
sulfur system have been investigated, for the disulfide phase region.
A static method was used to study the equilibrium sulfur vapor 
pressures, which ranged from 9*773 x 10 to 6.026 x 10 atmospheres.
In this disulfide region a non-stoichiometric condition exists. 
A homogeneity range from MoS^ qq to MoS^ ^  was determined to exist at 
1100°C. The upper sulfur composition limit of the Mo^S^- MoS^ region
is approximately stoichiometric MoS^.
The lower sulfur composition limit of the Mo^S^ and MoS^ region
is very nearly stoichiometric Mo^S^.
X-ray detection of the main "peak" for molybdenum is difficult 
when Mo^S^ is the major constituent. Consequently, the minimum sulfur 
content of the Mo„S„ phase could not be checked for traces of Mo.2 3
Stubbles and Richardson have indicated from their investigation that
31Mo^S^ departs very little from the stoichiometric composition.
The extent of solid, solution of sulfur in molybdenum is approxi­
mately 1.5 atomic percent sulfur at 1100°C.
Molybdenum sesquisulfide was produced by homogenizing a stoichio­
metric mixture of MoS^ and Mo at 1100° and 1200°C. Attempts made to 
produce this phase at 900°C indicated that conversion to the sesquisul­
fide phase was incomplete. Although the formation of the sesquisulfide 
is extremely slow at low temperatures, a stability determination of this 
phase indicated that it was stable at 600°C.
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An X-ray diffraction pattern of the sesquisulfide showed slight 
deviations from the "d" values obtained by Dr. J. R. Stubbles. No 
A.S.T.M. index card was available; however, Jellinek has indexed this 
compound to be monoclinic.
This investigation indicated that equilibrium was not established 
at 900°C. This was undoubtedly caused by the extremely slow solid-state 
kinetics of the molybdenum-sulfur system.
The relatively chemically inert nature of the disulfide phase in 
an evacuated system makes the thermodynamic study of the molybdenum- 
sulfur system difficult at lower temperatures. Indications from this 
investigation revealed that equilibrium conditions are more readily 
attainable at higher temperatures; however, limitations of the equipment, 
used in this investigation, did not permit experiments to be conducted 
at temperatures above 1100°C.
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